Genes for two geraniol-responsive factors, designated McEREBP1 and McWRKY1, from cultured shoot primordia of Matricaria chamomilla were cloned. The deduced amino acid sequences of these genes were highly similar to those of the family of ethylene-responsive element binding proteins and elicitor-induced DNAbinding proteins containing a WRKY domain, respectively. The levels of McEREBP1 and McWRKY1 mRNAs were maximum when measured 1 h after treatment of the cultured cells with geraniol.
Higher plants can respond with defense reactions to environmental stresses such as pathogen attack, chemicals, high or low temperatures, wounding, ‰ooding, or drought. [1] [2] [3] The plant response is often accompanied by rapid cell death around the initial response site. 4) Recently, we reported that geraniol induces apoptosis-like cell death, including DNA and nuclei fragmentation, in cultured shoot primordia of Matricaria chamomilla. 5) When we investigated gene expression in apoptosis-like cell death after geraniol treatment in soybean cells, we found that glutathione S-transferase (GST) mRNA was increased transiently by the treatment of the cells with geraniol. 6) In continuation of our studies on the defense reaction of plant cells to chemical stress, we examined potential regulatory genes relating to responses to geraniol treatment.
Shoot primordia of M. chamomilla were grown in Murashige and Skoog's medium as previously described 5) and treated with 5 mM geraniol as a chemical stress. The concentration was su‹cient to increase DNA fragmentation. The geraniol-responsive genes were cloned in geraniol-treated cells by methods based on reverse transcription (RT) PCR. The total RNAs were isolated from the cultured shoot primordia of M. chamomilla 1 h after the treatment with geraniol. The dT20-M4 adaptor primer (Takara Shuzo Co., Ltd.) was used to initiate the synthesis of cDNA from total RNA. The singlestranded cDNA was used as the template for theˆrst PCR with EX Taq DNA polymerase (Takara Shuzo) and random primers. The ampliˆed cDNA fragments resulting from geraniol treatment were excised from an agarose gel, puriˆed, and ligated to the pPCRScript Amp vector (Stratagene). DNA was sequenced with an ABI PRISM310 Genetic Analyzer with a BigDye terminator cycle sequencing kit (PE Biosystems). The full-length cDNAs were obtained by the 5?-rapid ampliˆcation of cDNA ends-PCR with primers designed from the sequence of the product of theˆrst RT-PCR cDNA fragment, by reported methods. some defense-related genes induced by ethylene contain a short cis-acting element known as the GCC box. Arabidopsis AtEBPs are factors that respond to extracellular signals to modulate positively GCC boxmediated gene expression (class 1); they act negatively as repressors of the transactivation responses to stimuli such as wounding, cold, and high salinity. McEREBP1 may be an activator of GCC boxmediated gene expression caused by geraniol treatment.
McGRF6 was an elicitor-induced DNA-binding protein containing one WRKY domain and a zincˆn-ger domain (Fig. 1B) . The WRKY proteins also are a superfamily of transcription factors. The McGRF6 cDNA was designated McWRKY1. Family members seem to be involved the regulation of various physiological programs including pathogen defense and senescence. In spite of the strong conservation of their DNA-binding domain, the overall structures of WRKY proteins are divergent. 11, 12) The WRKY proteins contain either one WRKY domain (those in groups I and III) or else two WRKY domains (group II). They can be classiˆed on the features of their zinc-ˆnger-like motif. The predicted amino acid and nucleotide sequences of the McWRKY1 were very similar to the Arabidopsis group III WRKYs, and the McWRKY1 had a single WRKY domain.
The deduced amino acid sequence of McGRF18 was highly similar to the known TAT-binding protein (26S proteasome regulatory subunit 8) containing a leucine-zipper domain (Fig. 1C) . The 26S proteasome is a multi-subunit ATP-dependent protease responsible for degrading most short-lived intracellular proteins targeted for breakdown by ubiquitin conjugation. 13, 14) The deduced amino acid sequence of McGRF18 had 92z identity in sequence to the 26S proteasome regulatory subunit 8 in Pinus taeda. Typical sequence motifs such as a leucine-zipper domain, ATP binding site motif (P-loop), and Walker-type ATPases cassette were found in McGRF18 (Fig. 1C) .
The McGRF mRNA expressions in the cultured shoot primordia after treatment with 5 mM geraniol were measured with RT-PCR methods. The McEREBP1 and McWRKY1 mRNA levels were high at 1 h after geraniol treatment, but no signal for the mRNAs was found in control cells (Fig. 2) . McGRF3, McGRF15, McGRF18, and McGRF20 mRNAs were found in the control cells, and the levels were slightly increased by geraniol treatment. The McEREBP1 and McWRKY1 mRNA levels in the geraniol-treated cells began to increase after 30 min, and were maximum at 1 h (Fig. 3) . These results indicate that McEREBP1 and McWRKY1 were geraniol-inducible genes.
Maxson and Woodson reported that the carnation ethylene-responsive element-binding protein-1 interacts with the carnation ethylene-responsive enhancer element of the GST promoter. 15 ) Recently, we found that when cultured soybean cells are treated with 5 mM geraniol, the levels of GmGST mRNA and GST activity reach peaks at 5 and 8 h, respectively. 6) On the other hand, tobacco EREBP binds to the GCC box of many pathogenesis-related gene promoters. 16) In shoot primordia of M. chamomilla, McEREBP1 and McWRKY1 mRNAs were induced rapidly after geraniol treatment. The McEREBP1 may be a transcription factor that induces GCC boxmediated transcription of defense genes such as the GST gene.
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